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Abstract not available for JP1 1 51 031 7T 
Abstract of corresponding document: WO9705665 
An electrically operated memory element (30) 
includes a volume of memory material (36) 
characterized by: a large dynamic range of 
electrical resistance values; and the ability of at 
least a filamentary portion to be set, by the 
selected electrical signal to any resistance value 
in the dynamic range, regardless of the previous 
resistance value of the material so as to provide 
a single cell with multibit storage capabilities. The 
memory element (30) also includes a pair of 
contacts (6, 8) including 1) a thin-film layer (34, 
38), preferably titanium carbonitride or titanium 
siliconitride, disposed adjacent to the memory 
material (36), used as a diffusion barrier to inhibit 
foreign material from entering the memory 
material (36), and 2) a thin-film layer (32, 40), 
preferably a Ti-W alloy, disposed remote to the 
memory material, used to provide a barrier to 
aluminum electromigration, diffusion and 
providing an ohmic contact at the aluminum 
interface. 
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An electrically operated memory element 
(30) includes a volume of memory material 
(36) characterized by: a large dynamic range 
of electrical resistance values; and the ability 
of at least a filamentary portion to be set, by 
the selected electrical signal to any resistance 
value m the dynamic range, regardless of the 
previous resistance value of the material so as 
to provide a single cell with multibit storage 
capabilities. The memory element (30) also 
includes a pair of contacts (6, 8) including 1) 
a thin-film layer (34, 38), preferably titanium 
carbonitride or titanium siliconitride, disposed 
adjacent to the memory material (36), used as 
a diffusion barrier to inhibit foreign material 
from entering the memory material (36), and 
2) a thin-film layer (32, 40), preferably a 
Ti-W alloy, disposed remote to the memory 
material, used to provide a barrier to aluminum 
elcctromigration, diffusion and providing an 
ohmic contact at the aluminum interface. 
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*>x C^HfiH^fHjKT e^Stf (*tl5 2%(OTeSV4 8%<DG e) 
z_&ZtX, i(?)g B B a l±f<OG eSC^/XliS bOJKT-ffi^ t K 

, ^^^^7R^^JT>?-iB^^-^fS]^T^ili$^:^>J^Hi:^^(7)(±, TeGeM 
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mmm^ * ^ -r. m^mw x * & 0 

< . |iflL<li|f)2 0 0 0 A*iflu i >9»* L< (i^j 5 0A^A> 15 0 OA, ft 

i>&* l< ti^j 2 o o At£^Lm4 o o a<d*~ y-x*$>2> i><D tmchti&o 

{i, i<7) W W < i: i 2 ow^^ l, 7 x ji/ 5 ^fitgiei: (XtiSffiWit 
i07x;K7kffil^ *@iftK£3rto&^J3£^ y 7X\±&2> i><7)<Dm%2>n 

^i^*wft©tt« ion, m&fom % y) x 

<9#<^oJ: *) %mgkfo*$m^ £ l k-tZ>mmx&&o *%>W<7)MMk L 
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B «9 , -«gCt*^MS^5ll2 , 0 0 0A^V>L5, OOOA@I^ 

Zfcb<D&&femtfZX-%^m&<D\g.'&Km L^Zft-bO " #33 vf-g: Character 
istic dimension)- ©igi LT5E=ft£;H& 0 

^^B^^S^^-^gC-T^T e G e S bttn? 7X<Dmmn.ikm^ £ *t & 11$ fi 

4><7)T e (?)¥t?llSli 7 0 < TEI >9 , HlWCIil; 6 0 %^T® «5 , — 

HBLto&&WUz&\,*xm2 3%fci/»Li&5 8 %OT e, *<>$J* L< fi^ 4 0%& 
^L&5 8%<£>T e t^dffi^<6H"C*ofc 0 G e 0*j£fi*& 5 % £±E1 »9 > - 
«K»i5 0 t*£ -€-0*j-3R-»1 3 -C*fi-C*b8 %4r^ U&3 0 %<?> 

f#tta^t^T|4 0 ^tL^OHTnT e - G e - S b&ikli, £ h 

T e : G e : S b <0=7G&Mm&m 5 K^~t 0 T e > G eXCFS b^tft^'&S 

, Tt^G e * T eXC^S b , -7C^t)G e TeS^S b* T e } t^: 5®M<D 
&fc*=7Gffl-C*£ 0 ^T<7) = 7nffic07n^|a^(iMia-7cG eTe-Sb^Te. 
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m 1 

Te Ge S b*<D«&S*ifcH7GilSfi;ffi 
Iff 3» G e ^11% S b <D M % T e <D m ^ % 



A 4 0 1 0 5 0 

B 2 6 1 8 5 6 

C 1 8 2 6 5 6 

D 1 4 2 9 5 7 

E 8 3 5 5 6 



£-g-A/-^</>T& <tK jg^&JR^trSBtattmtt. Te-Ge-S b=7C^t:i3 
Sft£fEMl£HiT e - G e - S bfe*§t^&0«£ *lfcSS8«rflltf;-r* 0 
LT% i!#£li*&#T e - G e - S b = 7C^ &c iS-g-J- SitCJ: 
mitt. Te, Ge, S bS^^IS: (Te.GebSbio.-(. )k) ) C TM 

££T-Ttt£^{i^ft-Clfjjg7np| 1 0 Oyot^Sg^-^Vf-m'), T 
M»iia<>L<li-€-*tiU±<oai»^JR"C*>»5, aX^bli^Te-Ge-S b 
= 7C^Ko^T±fc|ft§l3$ ft* ffl^ j^o c f±#j9 0 L&9 9 . 5% 
-C&&o £Ojg#&JRfcWU Cr, Fe, N iXOf-e-iLtj^^oti^^jJi 
L<^ftL^^, 0 iO^lC^-g-^tL^fE^^^^^^J^fi, (TeseGe 

22 S b22> JiN is, (T e S6 G 6 2 2 S b22> 90 N i 10, (T e 56 G e 22 S b22 

) uCrs, (T ess G e22 S b2 2 ) 90 C r io, (T e 56 G e 22 S bzz) 95 F e s 
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> (T e S6 G e 22 S b 22 ) so F eio. (T e 56 G e 22 S b 2 2 ) 90 N i 5 C r 5 , ( 
Tes.GenSbji) s.NisFes, (T e S6 G e 2J S bn) »aCr s F e^tf 

#2fi, Te, Ge, Sb. S e&U s m®&m* (T e a G e b S bioo-< a + b3 
) cTMd S e»oo-cc + d)OJtT?-g-trlEfltTO-C*> 19 , CI d "CT#^t^ti'a"It"Cfll 
J&tcII 1 0 0 %^^^A-t>r-m^ TMt± Hi L < fi^*L^± 
(Dm^mr-Jb 19 , aX^ b (i»T e - G e - S b H7cmKo^T±f;:i£BJ? ? 
tL^ii»9-e^,f9 , clift8 04^L9 9%"e*D, ^odttfeO. 5^^110 
%T^^>o d<7)«#^S^ti, Cr. Fe, N i Stf^^c^^^^W 
f t<-^^*i#^>o -^^^^tlSiaWIIO^^^^J^fi. (T e s e G 
eirSbii) noNiiSes, (Tes6Gei!Sb2j) «oNiioSeio, (Tess 
G ejj S biO 9oCrsSes> 

(T essG e22 S bz?) 10C rioS eio> (TessG en S bi2) 90 F e s S e 5 

> (T e 56 G e 22 S b 22 ) so F eio S eio> (T e 5 e G e 22 S b 2 2 ) s 5 N i 5 C 
rsS ej, (T e ss G e 22 S b 22 ) so N i 5 F e 5 S e io> (T e se G e 22 S b 22 
) s s C r 5 F e 5 S e s^^i *t& 0 

##ff maoism % fi *K ^ Sffcte «ogg £ JftinHiS *^tS 0 L L ft 
?> > 93 f <7>}£ijftl ^ OSR^ST T O * * O gg ^ffi ^ t> -f *t s *i 

JslTfcSMB3it4 "ifififc&&14Cccmpasitional modification)" 

olatile)*' K5E«Stffi* J T-*>f /f^JWH^@fi<jt-5EOi it? 

*&*fc^SrJS-r 0 &^£A,> SS^S fitz^y-<D^~ v>^-e "-f tiCdrift)" 

ASr#tf) V7f^7^4:t^^, ffifiS§Sf^o«K:«^>-f *t»i, fife 



(27) 1 1-510317 

OSB«*m£^a*iajiS;*>&l OTe-Ge-S bW^»2<^>T e -G e - 

tilts iH 5 T*H 0 i<?)4)Bei±^-^oI^-c*oT'bJ:<, Sfc^iH 
— ffi-e^G en S bisT e s 7 ^ £>Mffi"e<7> G ez:S b 22 T e 56 -^oo 
SfcftJSft £ ffl > T}£i/vfii 0 1* *l £ {ft s JgiJ <7> j± , # 5e« <7) ffi * 

£Ki, #^«^ST e-G e - S b ^£-C}fM S ti* 1 & L < fi-?-*tJ^±<^M 
G ei4 S b2 9 T e^S^G S b2 2 T e 56 <7)3£ftJf Ott ^#tf#5e#i® 

ffi«:ffi<^"f *LSrffifc*-r*jafifcfl<jiijisw$ kfcsu<aj&®wu Mioses trffl* 

T*§* 0 i<Offl*^to**ffl^iW^fi«jjfl:#5g#iffi(^|a«*t3H-»i, (l) Gen 
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SbzjTewS^'GejiS b 2 a T e s s <D^d SEi&fifc (graded composition) 
t^G e 2J S b 22 T e se O'OSiJ^ (discrete layer) &-£tf#5e#|f Of Btlc^^i: 
, (2) G ei4 S b 29 T ewS.C^G e 22 S b22 T e 56 <7)^)SB0^(graded compos 
ition)^^^,G ei4 S b 29 T e 5 ? <Dm%m (discrete layerO^fr if# £#iff 

^oTti^o lEUcW^^LTJi^f^-^Ttg 3 4 $.0^3 8 l±. 
JO**, #H 

x(i-a(duai)^ H Bg^/^ H ag- > , ; 3>m:it ^^ A/ - e ^^ 

^lt«^^t4^tLT^^o Ti, V, Cr, Zr, Nb> M, 

h f > t a , wfrhft&mx >9 wiRztiz imm<7)ytm. C. N, CK 

> ^.(O'g.VtmMf- 9 > (titanium carbonitride)}} 4 0 % £ X<Di^^^A,X^ 
+ ^(titanium siliconitride)^^-^^^ ^ 0 £<*>jM*fci3V»T\ Jff L<li 
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^rf^ * <j > yvm. km k_ xm&. 4 * y ? v ~ ■? < > ? * ^ttmmmm 
itmtomm, R^y^x^^m^^mm^xd^^m^x-oxmm^^^ 

? y xitmivr 4 m?- ? > <v^rtifr<Dmn, u$ l< \t, m \ o o a&</>l 2 

0 0 0 A«0J?^HltfI?-^^ o J: 19 #f $ L < lii&2 0 0 A*v» ll 0 0 0 Ac7>J? 

ww^m^otHdi, iojfiwsisisii^ m^^--ty hx, 5% 

^>"L3 0 %<D?-? y&&7 0%&v>L9 5 y<vit&®*&A,x 
ZL<DT i -WM13 21^4 0 ti. $fi L< it, DC^t^ 'J > ^it 
ff :/n-tr^£ffl^T*£*f £«o £ftt>lijif J* L < fi#?J 1 0 0 Afc^ L 4 0 0 0 
A<aIP*fci<MI J: L< t±*?j 2 0 0 Afc^L 2 0 0 0 AoJ¥*£ift 

|f$«o T i -WM13 2^0 f 4 0fiMtL/c^-A • uy^i/ Ym^^-t 

# ££fc*f & <t> n #S * It H#1£ * ^r-r & o 

. xti-fk^e«j^# (cvd) \zx V)ti&ffi2-£&ztrfx%. it^mmmnRFv 
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3? 2 



R F X A y ? U 



7 * - g 

S EE 

X •> ^ U > ^ 

#7. ( A r ) m 

m m mm 
m m 

m « u m 



m m m & m B 

8X 1 0 ~ 7 ~ 1 X 1 0" 6 

4 ~ 8 5 g H — ;p 

40~60y^/h- 

1 3 ~ 1 4 M H z 

0. 5 ~ 1 0 A / 

2 ~ 2 5 # 
250-1500A 

m m i& m ~ 3 o o <c 
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m. 3 
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/l_Z-A_=_g 
5 EE 

m u & 

mmmm 
m m 

3£ 1£ M B. 



a Ifl ft 15 II 
1X10 ~"~ 5 X 1 0 " 9 
450~600 t C 

2 ~ 4 A / 1& 

2 ~ 2 0 # 
250—1500A 

m m u m ~ 3 o or 



h - )V 



fgfi (thermopewer\ -f^^%, \£ 7. ^X^K^^XWi^^ *t%> & <D<D 4 ^<7)^ 

<DM&, £F£ L < fi#t) 2 0 0A^v> 1 5, 0 0 0 A. X 10 iff- 1 L < liftj 2 5 0 A 
^^L2, 5 0 0 A, f feffJ L<M4 OOA^^Ll, 2 5 0 A<7)J¥^-e*j£ 

^^-^ffl^^tLS^, "ffl?L@Cpore diameter)" tv^ffilSfi, — foKlt 
*^l*-r^o IS1S##3 6<7>*ffl?L*£f±. il0^^\|-&lcfi^^±c^$ij|^{i^v^^ 
^figti 1 v^^n^-^^^ < T m *> LtfWlfc 2 tiT^& 0 Lfztf<?X 
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or t& # h £ n & o k 5? * * ^ y ■f- y y n m & ® ^ * ^ - * £ h k 

fiitS, Mttfctt, *ffl?L#(i, zayxj 7f >7*Mm ^-5 y ^tKlK 

asms t <*>**c«j«tt r . v/x \tmm zfix^&z-t 

flump S*i * Jfe/rO^S<^14^*«5!t*S*La^jK*«#^4 0 a*?>^ 

£c&ttr-c*>4o K^^jw^-zw-aE/ajE^ft/Mk-^-ifc*, 1 5 0 0 a 

(Dffltzyj 7* y hitm^Wi (confining means) 4 8 £ffl^*#|&W<OSBfil^-? 
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5 > r ^(filamentary portion)-e£ Wi^Sfeji, i«7-f 5> > 
£f®#|£fi, £<asEtt^<aS&tt^j& (electrical formation)^ y A 

mrf£n>^^ h <7>-^ t#^#a<^mriBIBm## tiffin gefi ?tL7t 1 o?)iI 
«-c**o 5fH< fi Closing li l oA^^L l 0 0 h<DW&x*$>z><> do* 

< ti> r "C\ #J3 0 -4 0 %<7)^ 4 0 - 5 0 %<7)^|t. 

3 0 % t -?<DfomW.l- (H) t^Jo 

-TO?^ 7^ > riMft^liHU IBH^g<7) "tgAW^BKyn-b^ (electrical 
formation process)" K33\,*X Z<DUm*&tz?o iOSWlT'nt^ii, 

fc*^ (virgin)" JSifc^t, J: ^ft^jfifitfitH^O <5#feS * 01 

t^fcfcSo O'fcfcCJttLjP&C*^ ^<7)IS«T-Ji fl ^Cformed)" 

■K^j&T'tt-trXI}. -7^ ^ hi(-M¥SCconfining means) ^ 5- j 
SlJf £ "g^Cbreaks down)" 



(34) ftmW- 1 1-510317 

-T^o £Oflfc4gSBi*KM&S3EfBtS;*>f >^<7)iPt-eii5|£i& L/c 19-9- -fX^ 
;* > hg&<7>#W£iii?>, f<7)t^XS-$iJit^ffl^t5o i<^SE«*^M** 

3 4&CM 6 £m3UKi£«$-^, mmm4 6 >^U«MMt4o 
£§^<7>«4 8> 3 6, 3 8M'4 0 fcJfeSf S 3 2 , 3 4 . 3 6 , 4 6 , 4 

Z*l*JLy?-> T)V5 AJlfcitftS 



(35) &m?¥- 1 1-510317 

$>&o (1) CMO S MtJtttfiSrt&a* hT^I^TW 

o (2) CMOSilli, ^■*Lf>* , #-¥lB±^^E-r4fciS), Z^lRl^r&oT 

H^SffflS^illttli^S, 1 5 9, 6 6 l-^KTjkZtlX&V) ^ Cltlfi 
T Kl/7jg©YOjfi*^to 
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m^K)^ti5:^t-ci/^iBis^T-3 o x- y^u ? K£-g-tf 0 r 

2^4 2 fi^^ff^^^tt^M^^^^n^^^-eWT Kl^Jg 

*ir «9 s. x?m h os m u -t- & £ t -e * & o 

#£«5 o <D-u*7*-to $tz, memoes o<D±Kit, -Mtmt&mms 3 k 

X-oXmm^r h 'J y ?X 5 1 KaftCS8SnTV»4T Kl^XfiSE-v h'J^^ 
h 'J y 5 1 f:-ML, * *l t mm IT J: i/><, 

(3 1 ^ Affile * t jb*> *t* jt^iftig^ x ? > 

X-f -y Off 

*fl&*0###ffi«^®fc*3^TW:. fB«^-<7)#* t»UT/|?ft (Hloo 
%74 j-^y? • T?±X • (DRAM) K£ V>Tjtj£nrfg£ 
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mt, jttewjpv^jwa^w kk (-r^fc^, i)4 o o oA) *ijgv>se£«ffis 

o'ittCMLt, Jfc««>fcv>:fr;i/ a >f FS 2 5 0 A) Htffiv* 
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1,00 oi-s&*m. U* L < ti^j 5 0 0^y#*^-c^«, o 

WMSM (a-S i) a2«*t«-eti^BTffi-C**o £0*Mffi^fiS£ "OfrlftK 
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<7)/nM ^ i; if ^^#-IE11-t)U^^-r^ -r t £ pTf^*-r-2>o i<7)#fi Ix^ji^^ 

$g^m-iem-tr)wn^#-r&^ t kx vmmzti&o u^sr, isfct^omiis 

±Ktf2HZ> X i @5 tiG e - T e - S b ^m^^<D = jt^M^^ 

a^iE^-e^ $ ti a «ia - 7njgi^fli<^ jfiia *m-r & mum wt > - m± 

T#KH5>k<7>&£'g^{2:G e^Sb^T e S6 T^»9, £*U4G eiSbzTest 
L< ii 2 - 2 - 5 t i>ty tftt&o i?)2-2-5Mli, tl&H'ft^RI, M 5 <D 
**c3SH^$tL*j&JEftB (G e 26 S bi»T e 56 ) (GenSbuTen) 
<9 2o^iJ^^|:ti^itj 0 #fcM>k<OJb*J8!l fiG ei. S b 
29 Te 5 7 (G e S b* T e« i> L< 14 1 - 2 - 4 t W tftlZ) "Cifc «9 „ £*UiG 
e T e — S b z T e »«{a-7CiR±<0jfilKD-e*b*o £02 - 2 - 5 5.0*1 - 2 - 

o 

(21 6 fi G e - S b - T e Jh<0 3 ^OHTC^coJl^it^ -tg^# G e-T 



(40) &$k¥- 1 1-510317 

e^m^m^t^K^-To ztib<D3mm<D=7t&&<D : )%<D2mmii 1-2- 

4 (m5<D=%&mm±0mtiuD) SO f ±^2-2-5ffl)S-e*4, #3 OH 
TC-^^fiG e» S b j 3 T e 59 -C& >9 , .1 tUi Ge S b.Ter'bKli 1-4-7 

hfi, a&*)M2ti&w^v>m-? : &&z}i2> 0 io f c cses^ i3 6kj3^ta 

H 6 1 - 4 - 7 > 1-2-4X^2-2 - 5^£»if2tft*|-fl-<^- 

©^^T^S,SIIIi, Set*i:, f*i**#£-r Te- 

ifc, ±1<?)J:^:, G e - S b - T e X o TiH»2£tf±fc 

Jill $-£&3j§#. i<oWliiMIlTi»tSo -T**5^, io^-cJttSf 

»£ti££D&^\ teffiffi:£ia]Offi5E&U f «5n/^*£fflv^ fill: «fc 19 $ f, fcflfc 

H 7 fi> y Ctitaniun carbonitride)£^T-&&:il§&Pig:3 > 

JSto**® ^f>S««L (mTcttl) ©ionpjjfr*«)t, a;?^2 
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mA, m%0 4 0 n s ^W^/^P XtfZ OfEft^SfcEpjp £ tl& 0 Uci s oT, M 

d 8 fi, Biktrj ^(titanium siliconitride)£^A,-e&&7g£|S$|3g;3 

<kmn.<D^tm (kse^S) cmTc^D i ota it^^c, 

2 m A . ipI&J 4 0ns ^It^/"?;^ 
0 n s 0/N°;v^^c^fiKepiD£*L& 0 

? ^ E E P ROM<0 7 , n^7 = > ^K^iTr & -i v3-yymj±tfft 
Mfc*3V*t\ W*^ -y f->^*llJI^7*n^9 5 yyj ^y h frb<7)Wtfr~& <9 -f ^ 
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f^Cmemory equilibration time)" ^ pq fc£»tfc*iK/JC* )l>3?~ tfjftSffc-tfcfiF 
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